Introduction {#sec1_1}
============

As our society ages, it has become increasingly important to assess complex mental capacities. In capacity assessment, there is a strong interest in discriminating cognitively intact from cognitively impaired functioning \[[@B1]\]. The Mini-Mental State Examination (MMSE) \[[@B2]\] and the Montreal Cognitive Assessment (MoCA) \[[@B3]\] represent the two cognitive screening tests encountered most often in probate cases \[[@B4]\]. While the MMSE currently represents the test most commonly used in clinical practice and contentious probate, the MoCA is on its way to replacing the MMSE. One reason for this is that the MoCA is freely available for noncommercial, clinical, and academic purposes. Furthermore, studies comparing the MMSE and the MoCA favor the latter due to its increased sensitivity for detecting patients with cognitive impairment \[[@B5], [@B6]\]. The MoCA also measures a wider range of abilities including executive functions \[[@B4]\]. Executive functions, which depend largely on the integrity of the frontal lobe and associated structures, are high-level cognitive abilities required for the implementation of goal-directed behavior, and for determining and executing a plan for the future \[[@B7]\]. It is generally agreed that intact executive functioning is important for effective decision-making \[[@B8], [@B9]\]. For these reasons, the MoCA was chosen as the comparator assessment of cognition in this study.

When dealing with the MoCA, the original cutoff score of 26/30 for normal cognition has been contested. This score may be too high, creating false positives, i.e., it may misclassify cognitively intact individuals as being cognitively impaired \[[@B10], [@B11], [@B12], [@B13]\]. Furthermore, existing research is inconsistent in providing an optimal cutoff score for elderly populations, which have a high incidence of cognitive impairment \[[@B11], [@B12]\]. Therefore, a primary aim of this study was to determine the feasibility of using a brief computerized battery to accompany the MoCA, to more accurately assign borderline individuals. In this study, we refer to individuals who have a MoCA score between 23 and 26 as having borderline cognitive impairment, i.e., we are unable to classify them definitively as impaired or unimpaired.

Although paper-and-pencil-based assessment has been the standard for decades, computerized cognitive testing has many advantages. There are reduced costs and scheduling flexibility offered by the reduced need for trained administration. Moreover, computerized tests also address critical issues relevant to the cognitive strengths and weaknesses of the participant. For example, many computerized tests, such as those that compose the Cambridge Brain Sciences (CBS) Battery \[[@B14]\], adjust to the performance levels of the participant, i.e., the next level increases or decreases in complexity. This means that computerized tests minimize floor and ceiling effects by properly adjusting the level of difficulty to the cognitive abilities of the participant. These tests can also record accuracy and speed of response with a level of precision not possible in paper-and-pencil assessments. Therefore, computerized testing is emerging as an attractive option compared to traditional instruments \[[@B15]\].

In this study, the MoCA and a modified CBS (mCBS) Battery were used for testing. The full CBS Battery consists of twelve tasks \[[@B14]\]. Five tests from the CBS Battery were chosen based on five aspects of cognition considered most relevant to the assessment of complex mental capacities. The five tests chosen were Paired Associates, Feature Match, Odd One Out, Double Trouble, and the Hampshire Tree Task. Between them, these tests assess aspects of short-term memory, attention, reasoning, and planning. The objective of this study was to identify a short screening tool from the mCBS Battery to accompany the MoCA in a capacity assessment. The acceptability of computerized testing among the elderly was also recorded.

Subjects and Methods {#sec1_2}
====================

Study Design {#sec2_1}
------------

This prospective study was conducted at Sunnybrook Health Sciences Centre in Toronto, ON, Canada, where each elderly individual underwent approximately 30 min of cognitive screening. At the single study session, informed consent was obtained by one of the assessors. The participants provided information about their age, gender, and highest level of education. A geriatric psychiatrist determined the diagnosis of a mood or neurocognitive disorder if applicable based on DSM-5 criteria. For approximately half of the study participants, computerized testing was presented before the MoCA, and for remaining participants, the MoCA was administered first.

Subjects and Recruitment {#sec2_2}
------------------------

Participants were recruited from a geriatric psychiatry outpatient clinic and the general community. The general inclusion criteria were an age greater than 65 years and the ability and willingness to provide informed consent. Three groups of subjects were recruited: (1) a community sample of older adults without any psychiatric history or cognitive impairment; (2) a group with a diagnosis of a mood disorder, with or without mild neurocognitive disorder; and (3) a group with a major neurocognitive disorder and an MMSE score of 20 or greater. The exclusion criteria were: (1) a physical handicap or condition preventing effective use of a computer mouse with buttons; (2) an unwillingness to undergo computerized testing; and (3) sufficient English language skills to complete the tests. The study design was approved by the Research Ethics Board at Sunnybrook Health Sciences Centre, and all subjects gave their written informed consent to participate.

Apparatus {#sec2_3}
---------

The computerized cognitive battery (mCBS Battery) was presented on a laptop and the MoCA was presented on paper. Each computerized task from the mCBS Battery began with text and video instructions. The assessors were on hand to answer any additional questions during testing. The five tests that compose the mCBS Battery include (in the order that they appear in the battery): (1) Paired Associates; (2) Feature Match; (3) Odd One Out; (4) Double Trouble; and (5) Hampshire Tree Task.

### mCBS Battery {#sec3_1}

*Paired Associates.* Paired Associates is based on a paradigm that is commonly used to assess memory impairments in aging clinical populations \[[@B16]\]. Boxes are displayed at random locations on an invisible 5 × 5 grid. The boxes open one after another to reveal an enclosed object. Subsequently, the objects are displayed in random order in the center of the grid and the participant must click on the boxes that contained them. If the participant remembers all of the object-location paired associates correctly, then the difficulty level on the subsequent trial increases by 1 object-box pair, otherwise it decreases by 1. After 3 errors, the test ends. The test starts with just 2 boxes (max. level = 24; min. level = 2). There are two outcome measures: maximum level achieved and mean level achieved.

*Feature Match.* Feature Match is based on the classic feature search tasks that have historically been used to measure attentional processing \[[@B17]\]. Two grids are displayed on the screen, each containing a set of abstract shapes. In half of the trials, the grids differ by just one shape. In order to gain the maximum number of points, the participant must indicate whether or not the grid\'s contents are identical, solving as many problems as possible within 90 s. If the response is correct, the total score increases by the number of shapes in the grid and the number of shapes in the subsequent trials increases. If the response is incorrect, the total score decreases by the number of shapes in the grid and the subsequent trials have fewer shapes. The first grids contain 2 abstract shapes each. The outcome measure is the total score.

*Odd One Out.* Odd One Out (also called Deductive Reasoning) is based on a subset of problems from the Cattell Culture Fair Intelligence Test \[[@B18]\]. A 3 × 3 grid of cells is displayed on the screen. Each cell contains a variable number of copies of a colored shape. The features that make up the objects in each cell (color, shape, and number of copies) are related to each other according to a set of rules. The participant must deduce the rules that relate the object features and select the one cell whose contents do not correspond to those rules. To gain the maximum number of points, the participant must solve as many problems as possible within 90 s. If the response is correct, the total score increases by 1 point and the next problem is more complex. If the response is incorrect, the total score decreases by 1 point. The outcome measure is the total number of correct responses.

*Double Trouble.* Double Trouble (also called Color-Word Remapping) is a more challenging variant on the Stroop test \[[@B19]\]. A colored word is displayed at the top of the screen, e.g., the word RED drawn in blue ink. The participants must indicate which of 2 colored words at the bottom of the screen describes the color that the word at the top of the screen is drawn in. The color word mappings may be congruent, incongruent, or doubly incongruent, depending on whether or not the color that a given word describes matches the color that it is drawn in. To gain the maximum number of points, the participant must solve as many problems as possible within 90 s. The total score increases or decreases by 1 after each trial depending on whether the participant responded correctly. The outcome measure is the total score.

*Hampshire Tree Task.* The Hampshire Tree Task (also called Spatial Planning) is based on the Tower of London Task \[[@B20]\], which is widely used to measure executive function. Numbered beads are positioned on a tree-shaped frame. The participant repositions the beads so that they are configured in ascending numerical order running from left to right and top to bottom on the tree. To gain the maximum number of points, the participant must solve as many problems as possible in as few moves as possible within 3 min. The problems become progressively harder, with the total number of moves required and the planning complexity increasing in steps. Trials are aborted if the participant makes more than twice the number of moves required to solve the problem. After each trial, the total score is incremented by adding the minimum number of moves required × 2 -- the number of moves actually made, thereby rewarding efficient planning. The first problem can be solved in just 3 moves. The outcome measure is the total score \[[@B14]\].

### Montreal Cognitive Assessment {#sec3_2}

The MoCA was developed as a brief cognitive screening instrument used to detect mild cognitive impairment \[[@B3]\]. This paper-and-pencil assessment requires approximately 10 min to administer, and is scored out of 30 points. The cognitive domains assessed include: visuospatial skills, executive functions, memory, attention, concentration, calculation, language, abstraction, memory, and orientation. The three versions of the MoCA and their instructions are available on the official MoCA website (<http://www.mocatest.org/>). For this study, both assessors used the standard English version 1 (original) MoCA test with its associated instructions, to ensure accurate administration.

Data Analysis {#sec2_4}
-------------

Raw scores for each participant were recorded for both the mCBS Battery and the MoCA. No additional point was given on the MoCA for participants with 12 years of education. Since the mCBS Battery score is not adjusted for educational level, the raw MoCA score was used to ensure accurate comparisons between the two tests. Significant outliers were winsorized \[[@B21]\]. High outliers were reduced to the maximum value that was not a statistical outlier (i.e., quartile 3 + 1.5 × the interquartile range \[IQR\]) and low outliers were increased to the lowest value acceptable by quartile 1 − 1.5 × IQR. Only 4 of the 269 total scores were treated this way. Each individual\'s set of scores was sorted into one of three groups. The population was then divided into three test groups. Group 1 comprised all of those individuals with a MoCA score of less than 23. The middle two quartiles, where all individuals fell into the borderline cognitive impairment range (MoCA scores 23--26), formed group 2. Group 3 comprised all of those individuals with a MoCA score of more than 26. See Table [1](#T1){ref-type="table"} for the descriptions of the three groups.

After sorting the data into three groups, the mean scores of the five mCBS battery tests in groups 1 (impaired) and 3 (unimpaired) were calculated. The scores from group 2 (borderline impairment) were sorted into group 1 or 3 based on their individual score per test. The scores were compared with the mean scores of groups 1 and 3 and were sorted in one of three ways: If the value was greater than or equal to the group 3 mean, it would be sorted into group 3 (unimpaired)If the score fell to below or equal to the group 1 mean, it would be sorted into group 1 (impaired)If the score fell between the group 1 and group 3 means, it was labelled as in the "gray zone"

Results {#sec1_3}
=======

The sample consisted of 45 individuals (20 men and 25 women) aged 65 years and older; the average age was 78 years. The participants had varying levels of education: 33.3% of the individuals had less than or equal to 12 years of education, while 66.7% had more than 12 years of education. Two individuals withdrew from the study, leaving complete data for 45 participants.

When analyzing the sorting of group 2, i.e., borderline (MoCA) individuals, it was clear that certain mCBS Battery tests could not clearly distinguish between impaired and unimpaired individuals. This was evident in Paired Associates maximum level (test 1 max.) and Feature Match (test 2) where too many scores were grouped into the "gray zone." In both test 1 max. and test 2, 50% (11/22) of the scores were sorted into the "gray zone." Paired Associates mean level was also removed, as it contained 4 scores in the "gray zone" and the group 1 and group 3 means were extremely close (group 1 mean: 2.50; group 3 mean: 3.03).

An independent-sample *t* test was conducted in order to compare the group 1 and group 3 mean scores in the remaining tests, i.e., Odd One Out, Double Trouble, and the Hampshire Tree Task (tests 3, 4, and 5, respectively). As each test had a different range of scores -- i.e., the Paired Associates maximum was 5, whereas the Feature Match maximum was 125 -- the test scores were converted to *Z*-scores in order to allow for comparisons between tests. In this analysis, there was a significant difference in mean scores in group 1 (M = −0.12, SD = 0.80) and group 3 (M = 0.62, SD = 0.79) for Odd One Out (t(21) = −2.235, *p* = 0.036). There was also a significant difference in mean scores in group 1 (M = −0.040, SD = 0.62) and group 3 (M = 0.52, SD = 1.03) for Double Trouble (t(21) = −2.57, *p* = 0.018). However, there was no significant difference in mean scores in group 1 (M = −0.37, SD = 1.21) and group 3 (M = 0.32, SD = 0.94) for the Hampshire Tree Task (t(21) = −1.54, *p* = 0.14). Paired Associates (test 5), on the other hand, was deemed too difficult for an elderly population, as any score achieved on the test was equally likely to be from any one of the three groups. This was clear when conducting two additional independent-sample *t* tests for the Hampshire Tree Task between groups 1 and 2 and groups 2 and 3. There was no significant difference in mean scores between group 1 (M = −0.37, SD = 1.21) and group 2 (M = 0.01, SD = 0.89) for the Hampshire Tree Task (t(31) = −1.01, *p* = 0.32). There was also no significant difference in mean scores between group 2 (M = 0.01, SD = 0.89) and group 3 (M = 0.32, SD = 0.95) for the Hampshire Tree Task (t(32) = −0.97, *p* = 0.34). This is shown in Figure [1](#F1){ref-type="fig"}, where a scatterplot demonstrates that the same score could be achieved on the Hampshire Tree Task being in group 1, 2, or 3 (referred to as Group_MoCA). Therefore, it was clear that the Hampshire Tree Task was not of use in a screening battery, due to its inability to distinguish between those who are impaired, borderline, or unimpaired.

Both of the remaining two tests, Odd One Out and Double Trouble, contained fewer scores in the "gray zone" and could differentiate between group 1 (impaired) and group 3 (unimpaired). It is important to note that while there were 22 individuals in group 2, one set of scores was removed for this analysis, due to a personal issue with color blindness, a factor that impairs one\'s performance on test 4, Double Trouble. Therefore, this analysis includes 21 comparisons. In the first analysis, 57% of the individuals were clearly sorted into group 1 or 3 according to tests 3 and 4, Odd One Out and Double Trouble. In a supplementary analysis, where one test correctly sorted the individuals into group 1 or 3, 81% of the individuals were clearly sorted; 19% (4/21) of the people could not be clearly sorted, as the results for Odd One Out and Double Trouble were opposite in their conclusions (i.e., one test sorted them into group 1 and the other test sorted them into group 3). Three of these individuals were sorted into the unimpaired group by Odd One Out and the impaired group by Double Trouble. A possible explanation for this result is that the Odd One Out test increases in complexity as one successfully passes each level. However, in Double Trouble, every task is equally difficult.

In this study, 98% of the participants who began computerized testing completed it. Three participants who completed this study stated that they do not use computers on a regular basis or at all, and it was clear that the skill of using a computer mouse with buttons should not be assumed in an elderly sample.

Discussion {#sec1_4}
==========

We found that the use of two brief computerized tests -- Odd One Out and Double Trouble, in addition to the MoCA -- was a valid cognitive screening method for complex mental capacity assessment. These cognitive screening tests provide useful additional information about an individual\'s cognitive state due to their ability to discern individuals with borderline cognitive impairment as unimpaired or impaired \[[@B22], [@B23]\]. These results suggest that tests 3 and 4, Odd One Out and Double Trouble, can effectively distinguish between those in groups 1 and 3, i.e., those classified as unimpaired or impaired by the MoCA. These tests may be used for the assessment of complex capacities such as testamentary capacity, capacity to make a gift, capacity to manage property, and to execute powers of attorney.

It is important to note that these two tests provide different classifications that would not be available if sorting of those with borderline impairment were strictly based on raw MoCA scores. If sorting were completed according to MoCA scores, scores of 23 and 24 would sort individuals into the impaired group, and scores of 25 and 26 would sort individuals into the unimpaired group. The latter would result in distinctly different conclusions. For instance, only 23% of the individuals who scored 25 or 26 on the MoCA would be in agreement in their classification by both of these sorting methods (the MoCA and the two computerized tests), whereas 77% of the individuals would be sorted either in contrast to Odd One Out and Double Trouble or would be sorted as unimpaired by the MoCA when previously it was unclear ("gray zone") according to the two tests. The individuals with scores of 23 and 24 based on the MoCA would more accurately be sorted into group 1 (unimpaired group), with 88% of the classification being the same as with Odd One Out and Double Trouble. These results suggest that our two computerized tests provide additional detail, especially for sorting individuals with MoCA scores of 25 and 26, those individuals with borderline cognitive impairment.

In addition to our aim to supplement the MoCA with a brief battery, we wanted to evaluate the feasibility of using a computerized battery in an elderly population. The CBS Battery has been used effectively in other studies with older adults to measure global or domain-specific cognitive functions \[[@B24], [@B25], [@B26]\]. In this study, the computerized tests had excellent acceptability, as demonstrated by the very high percentage (98%) of subjects who completed computerized testing. Since not all elderly individuals use a computer and/or mouse on a regular basis, touch screen versions of these tests may be an added benefit for some. This change could increase sample sizes in the future, as the skill of being able to use a computer mouse with buttons would not be a limiting factor.

In this study, Odd One Out and Double Trouble represented the two computerized tests measuring executive functions that were acceptable in an elderly population. Odd One Out is a reasoning task that assesses one\'s ability to think about ideas, analyze situations, and solve problems. Double Trouble is a measure of sustained attention and assesses one\'s ability to resist interference from prepotent word processing rules. In this pilot study (*n* = 45), 81% of the borderline individuals could be clearly classified as unimpaired (group 3) or impaired (group 1) based on at least one computerized test, Double Trouble or Odd One Out. The use of these two tests to accompany the MoCA is especially relevant in an elderly population. Since studies suggest that the regular cutoff score for normal cognition on the MoCA is too strict, having another tool to differentiate borderline individuals into unimpaired or impaired is necessary.
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###### 

Description of the three participant groups

  Group   Cognitive classification   MoCA score range   *n*   Mean     SD
  ------- -------------------------- ------------------ ----- -------- ------
  1       Impaired                   22 and below       11    −1.13    0.49
  2       Borderline                 23--26             22    −0.011   0.38
  3       Unimpaired                 27--30             12    1.23     0.37
